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Description 

ALWAYS-ON METHOD FOR 
REINFORCING EXISTING MOBILE 
STATION E911-BASED LOCATION 
DETECTION SERVICES APPLICATIONS 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a location detection of a 
mobile station, and more specifically, to a method for 
supporting locating detection services when a mobile user 
accidentally turns off his mobile station. 

[0003] 2. Description of the Prior Art 

[0004] There are many location technologies being developed 
and implemented into mobile stations for estimating the 
location of the mobile stations. These technologies in- 
clude Global Positioning System (GPS), Assisted GPS 
(AGPS), Advanced Forward Link Trilateration (AFLT), En- 
hanced Observed Time Difference (EOTD), Time Difference 



of Arrival (TDOA), Angle of Arrival (AOA), and Enhanced 
Forward Link Trilateration (EFLT). Depending on the loca- 
tion detection technology being adopted into the mobile 
stations, some location detection technologies can offer a 
precision of up to 5 meters deviation from the actual lo- 
cation of the mobile station. Thus, when there is an emer- 
gency incident, a mobile phone network is capable of lo- 
cating the mobile users in an efficient way. 
[0005] Some of the technologies are further implemented to sup- 
port emergency services such as Emergency 911 (E911) or 
other similar services. However, all of these features will 
only work as long as the mobile station is powered on. If 
the mobile station is powered off, the mobile station will 
not listen to signals emitted from the base stations and 
will not report anything to the base stations. Unfortu- 
nately, there are many reasons why a mobile user may in- 
tentionally or unintentionally turn off his mobile station 
and then forget to turn the mobile station back on later. 
These reasons include saving power, blocking all incom- 
ing phone calls, blocking all internal scheduled alert mes- 
sages, and preventing the location of the mobile station 
from being traced by others. In addition, the user may 
simply accidentally turn off his mobile station. Regardless 



of the reason why the mobile station is turned off, emer- 
gency services or other authorities are not able to locate 
the mobile user once the mobile station is turned off. This 
limitation could prevent the mobile user from getting help 

that is urgently needed in an emergency situation. 
Summary of Invention 

[0006] it is therefore an objective of the claimed invention to use 
a soft power-off mode to replace the current actual 
power-off mode, such that the soft power-off mode will 
fulfill most of the features provided by an actual power- 
off mode and also provides basic information to support 
the location detection services needs, in order to solve the 
above-mentioned problems. 

[0007] According to the claimed invention, a method of locating 
a mobile station when the mobile station is turned off is 
disclosed. The method includes turning off the mobile 
station while keeping a battery of the mobile station intact 
in the mobile station. The mobile station enters a soft 
power-off mode after the mobile station has been turned 
off if the battery of the mobile station has sufficient en- 
ergy. At least one base station of a mobile phone network 
sends paging request messages for locating the mobile 
station. The mobile station receives the paging request 



messages from at least one base station and the mobile 
station measures Received Signal Strength Indicator (RSSI) 
levels for received paging request messages. The mobile 
station then selects a current base station for which the 
mobile station measures a strongest RSSI level. The mo- 
bile station handshakes with the current base station to 
enable the mobile station to camp on the current base 
station. Next, the mobile station reports its location to the 
current base station and the mobile phone network in- 
forms authorities of the location of the mobile station. 

[0008] it is an advantage of the claimed invention that turning 

the mobile station off changes the state of the mobile sta- 
tion to the soft power-off mode. While in the soft power- 
off mode, the mobile station is still able to report its loca- 
tion to the mobile phone network and other authorities 
while at the same time using very little battery power. 

[0009] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0010] pig.l is a state diagram illustrating operation of a mobile 



station according to the present invention. 

[0011] pig. 2 is a state diagram illustrating operation of a mobile 

phone network according to the present invention. 
Detailed Description 

[0012] jo overcome the problems associated with detecting the 
location of a mobile station that is turned off, the present 
invention divides the current power-off mode in the exist- 
ing wireless protocol standards into an actual power-off 
mode and a soft power-off mode. The actual power-off 
mode is only entered when the mobile station loses all 
battery energy or when an initial International Mobile Sub- 
scriber Identity (IMSI) is not registered to a mobile phone 
network. Otherwise, the mobile station enters the soft 
power-off mode when the mobile station is turned off. 

[0013] Once the IMSI of the mobile station is successfully regis- 
tered to the network, an E911 call center or another au- 
thority can use the mobile station to locate the user of the 
mobile station. Thus, even if the user turns off his mobile 
station, the mobile station is still capable of responding to 
special E911 related location service requests automati- 
cally. As will be shown below, when the mobile station is 
in a power saving mode or a Discontinuous Reception 
(DRX) mode, the present invention location reporting 



method can be integrated with the existing cell selection 
and reselection algorithm. The present invention scheme 
will take much less battery energy compared with the en- 
ergy used in the DRX mode, but it will also guarantee that 
the E911 location tracing capability is always on. 

[0014] The soft power-off feature will now be described in 

greater detail. Since the soft power-off feature allows au- 
thorities to trace the location of the mobile station, as- 
sume the location of the mobile stations will only be 
traced legally. The soft power-off feature is preferably 
used to replace the current actual power-off feature. In 
the soft power-off mode, the mobile station will not an- 
swer any incoming calls. The mobile station will also not 
take any action to respond to alerting events and will not 
send any Short Message Service (SMS) messages to any 
other party. In the soft power-off mode, the mobile sta- 
tion shuts down most of its circuitry as it does in the 
power saving mode or DRX mode. 

[0015] However, in the DRX mode, when a DRX timer expires, the 
mobile station will wake up and listen to the paging mode 
to see whether the mobile phone network wants to com- 
municate with the mobile station. In the DRX mode, the 
mobile station will also monitor the Received Signal 



Strength Indicator (RSSI) levels of the serving cell and 
neighboring cells for cell selection and reselection pur- 
poses. 

[0016] on the other hand, in the present invention soft power-off 
mode, the mobile station will not listen to the paging 
channels for voice, data, and SMS services, and it will not 
perform the complicated cell selection and reselection al- 
gorithm. The mobile station in the soft power-off mode 
only listens to the base station having the strongest RSSI 
levels and measures the RSSI levels of nearby base sta- 
tions. Once the measurement report is completed, the 
mobile station will setup a channel with the mobile phone 
network, send the measurement report to the mobile 
phone network, and cease normal communication be- 
tween the mobile phone network and mobile station. 
Therefore, the present invention soft power-off mode 
uses much less battery energy that what is used in the 
DRX mode. 

[0017] unlike the DRX mode that is granted only after the loca- 
tion registration is successful, the present invention soft 
power-off mode will start right after the mobile station is 
connected with the battery, and no Subscriber Identity 
Module (SIM) and access control issues checking is 



needed. Thus, the registered mobile stations can report 
its location to any operator's mobile phone network. How- 
ever, non-registered mobile stations will not be capable of 
reporting their location because it is assumed that no user 
owns the non-registered mobile station. Thus, there is no 
need to trace the location of a non-registered mobile sta- 
tion. 

[0018] The user may take the battery out of the mobile station or 
use some special feature on the mobile station to make 
the mobile station enter the actual power-off mode. When 
the mobile station is in the soft power-off mode, the mo- 
bile phone network can activate the location reporting 
process when an emergency scenario is identified. Thus, 
during the soft power-off mode, the mobile station ini- 
tially will listen to the paging channels to see whether the 
mobile phone network requests this kind of attention, and 
the mobile station will ignore other paging request mes- 
sages. 

[0019] please refer to Fig.l. Fig.l is a state diagram illustrating 
operation of the mobile station according to the present 
invention. When the mobile station is in the soft power- 
off mode, the mobile station transitions into state Ml to 
begin communicating with the mobile phone network for 



reporting its location to the mobile phone network. The 
mobile station transitions into state M2 by detecting a 
paging request message transmitted by at least one base 
station on a paging channel in the mobile phone network. 
The mobile station measures the RSSI levels of the paging 
request messages transmitted by nearby base stations, 
and chooses a current base station to camp on that has 
the strongest RSSI level. 

[0020] After choosing the current base station, the mobile station 
beings handshaking with the current base station. The 
mobile station transitions into state M3 by sending a loca- 
tion based channel request message to the current base 
station, and transitions into state M4 by receiving an im- 
mediate assignment message from the current base sta- 
tion. The mobile station transitions into state M5 by send- 
ing a location trace request message to the current base 
station, and transitions into state M6 upon receiving a lo- 
cation trace confirm message. 

[0021] The mobile station transitions into state M7 when the mo- 
bile station reports its location to the mobile phone net- 
work through the current base station. As long as the 
base station that the mobile station is camping on is still 
the current base station, the mobile station will stay in 



state M7. When the cell that the mobile station is camping 
on changes, the state diagram transitions to state M2 to 
begin communicating with a new base station. 

[0022] please refer to Fig. 2. Fig. 2 is a state diagram illustrating 
operation of the mobile phone network according to the 
present invention. When the mobile phone network is 
used to locate the mobile user during an emergency inci- 
dent (such as when an Emergency 911 call center 10 is 
trying to locate the mobile user), the mobile phone net- 
work transitions into state Nl. To contact the mobile user, 
the mobile phone network transitions into state N2 while 
utilizing at least one base station to send a paging re- 
quest message to the mobile station. The mobile phone 
network stays in state N2 and continues to send paging 
request messages to the mobile station until a location 
based channel request message is received from the mo- 
bile station, at which time the mobile phone network tran- 
sitions into state N3. 

[0023] The mobile phone network transitions into state N4 by 

sending an immediate assign message to the mobile sta- 
tion, and transitions into state N5 by receiving a location 
trace request message from the mobile station. While in 
state N5, the mobile phone network will directly forward 



each location trace request message that the base station 
receives from the mobile station to the E911 call center 
10. The E911 call center 10 will then send a location trace 
confirmation message to the mobile station, which moves 
the flow into state N6. 

[0024] Once the mobile phone network begins receiving reports 
of the location of the mobile station, the mobile phone 
network transitions into state N7. As long as the mobile 
phone network continues to receive location reports from 
the mobile station, the mobile phone network stays in 
state N7. When the mobile phone network receives loca- 
tion reports from the mobile station, the mobile phone 
network informs the E911 call center 10 of the new loca- 
tion of the mobile station. 

[0025] if the mobile phone network stops receiving reporting 

messages from the mobile station, it is assumed that the 
mobile station is now camping on a different cell, and the 
mobile phone network transitions to state N8. The mobile 
phone network reports this change in cell location to the 
E911 call center 10. When the mobile phone network re- 
ceives a location based channel request message from a 
mobile station in a different cell, the state diagram transi- 
tions back to state N3. 



[0026] Assume that the handshaking protocol for the E911 loca- 
tion service has been established. The mobile station will 
report its location in the given channel and at a given time 
frame if the mobile station still camps on the same base 
station, and the base station will listen to the mobile sta- 
tion at the same given channel and at the given time 
frame. If the mobile station now camps on a different base 
station, the mobile station will stop reporting its location 
and will start to listen to the paging channels. When the 
mobile phone network cannot receive the reporting mes- 
sage from the mobile station, it will issue the paging re- 
quest message to the mobile station to reestablish the 
dedicated channel. When the mobile station changes the 
cell to camp on, it will continue to listen to the paging 
channels for a period of time, x, that is known by the mo- 
bile phone network. Under this condition, the mobile 
phone network will automatically send the paging request 
message within x period of time to try to contact the mo- 
bile station. If the mobile station cannot receive any pag- 
ing request messages regarding the E911 location detec- 
tion service, the mobile station will take the initiative by 
sending channel request messages to the mobile phone 
network to establish the handshaking protocol. Once the 



handshaking protocol is established, the mobile phone 
network can specify the next reporting period. Each loca- 
tion trace request message received by the base station 
will be forwarded directly to the E911 call center 10, and 
the E911 call center 10 will send the location trace con- 
firm message to the base station for the base station to 
transmit to the mobile station. 
[0027] The mobile station can also report its battery power level 
to the mobile phone network. When the battery power 
level is low, the mobile phone network will extend the 
E911 location detection service reporting period, thereby 
saving the battery power of the mobile station and allow- 
ing the mobile station to be used for a longer period of 
time. 

[0028] The present invention can be incorporated into the exist- 
ing Global System for Mobile communications (GSM) pro- 
tocol. Once the mobile station starts to camp on a cell 
successfully, that is the location based channel request is 
accepted by the camping cell, the mobile phone network 
is able to contact the cellular phone. The existing GSM 
protocol utilizes DRX mode for minimizing the battery us- 
age of mobile stations. Please refer back to Fig.l. During 
the DRX mode, when the mobile station receives the pag- 



ing request message to start the location trace process, 
the mobile station will change its state from DRX mode to 
state M2 initially, gradually transition to state M7, and 
then change back to DRX mode. If the cell that the mobile 
station is camping on has not changed, when the mobile 
station wakes up in the next DRX cycle, and after the as- 
sociated tasks have been executed, the mobile station will 
change to state M7 and then change back to DRX mode. If 
the serving cell gets changed, after the associated tasks 
have been executed, the mobile station will change to 
state M2 initially, gradually transition to state M7, and 
then change back to DRX mode. Besides the GSM protocol, 
this concept can also be applied to the Code Division Mul- 
tiple Access (CDMA) protocol and other protocols in a 
similar way. 

[0029] | n summary, the present invention offers a method for al- 
tering existing communication protocols such as the GSM 
protocol to support location detection services while a 
mobile station is in soft power-off mode. When the mo- 
bile station is turned off, the soft power-off mode is en- 
tered by default if the mobile station contains an IMSI that 
is registered to a mobile phone network and so long as 
the mobile station has remaining battery power. The mo- 



bile station running in soft power-off mode allows the 
mobile station to consume very little battery power while 
at the same time providing the ability for the an emer- 
gency call center to locate the mobile station via the mo- 
bile phone network. 
[0030] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



